Paroxysmal supraventricular tachycardia (PSVT) is a common cardiac arrhythmia characterized by recurrent episodes of narrow QRS complex tachycardia with regular ventricular response initiated by the atria and/or atrioventricular node. 
ischemic stroke, such as age, male sex, hypertension, diabetes mellitus, smoking, hypercoagulable state, and atrial fibrillation. 8, 9 Interestingly, recent literatures have suggested that PSVT may also be a risk factor for ischemic stroke similar to atrial fibrillation (although at a smaller magnitude). [10] [11] [12] [13] [14] [15] Nonetheless, the data were still relatively limited and inconclusive. The current systematic review and meta-analysis was conducted with the aims to comprehensively evaluate the risk of ischemic stroke among patients with PSVT compared to individuals without PSVT by identifying all relevant studies and combining their results together.
| ME THODS

| Literature search strategy
Two investigators (P.R. and P.W.) independently searched for published articles indexed in MEDLINE and EMBASE database from inception to November 11, 2018 using the search strategy that included the terms for supraventricular tachycardia and stroke. The search strategy is available as Data S1. References of the included studies were also manually reviewed for additional eligible studies. This study was undertaken in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, which is available as Data S2.
| Selection criteria
To be eligible for the meta-analysis, the study could be either cohort study or case-control study that investigated if PSVT is associated with a higher risk of ischemic stroke. Eligible cohort study must start with recruitment of cases with PSVT and comparators without PSVT and, then, follow them until the occurrence of stroke or the end of study. Eligible case-control study must start with cases with stroke and controls without stroke and, then, investigate for their prior history of PSVT. Eligible study must also provide the magnitude of association, which could be either relative risk (RR), hazard ratio (HR), or odds ratio (OR) along with its corresponding confidence interval (CI).
All retrieved articles were reviewed independently by the first 2 investigators (P.R. and P.W.) for their eligibility. The last 2 investigators (A.W. and P.U.) reviewed all the included studied again to ensure that the inclusion criteria were met and also served as the deciding votes when different determinations of study eligibility were made by the first 2 investigators. Newcastle-Ottawa quality assessment scale was used to assess the quality of the included cohort and case-control studies. 16 This scale evaluates the quality of the included studies in 3 areas including recruitment of participants, comparability between the groups and ascertainment of the outcome of interest for cohort study or ascertainment of the exposure of interest for case-control study.
| Data extraction
A standardized data collection form was used to extract the following information: last name of the first author, study design, year(s) of study, country of origin, year of publication, sample size, baseline characteristics of participants, methods used to identify, and verify the diagnosis of paroxysmal supraventricular tachycardia and stroke, confounders that were adjusted and adjusted effect estimates with 95% CI. This data extraction was independently performed by the same 2 investigators (P.R. and P.W.) to minimize error. Any discrepancies found in the case record forms were resolved by referring back to the original articles. 
| Statistical analysis
| RE SULTS
The systematic search identified 1686 potentially relevant articles (1405 articles from EMBASE and 281 articles from MEDLINE).
After the exclusion of 163 duplicated articles, 1523 articles underwent title and abstract review. A total of 1482 articles were excluded at this stage as they clearly did not fulfill the eligibility criteria based on the type of article, study design, participants, and outcome of interest. A total of 41 articles were retrieved for full-length article review and 36 articles were excluded at this stage as they did not report the association of interest. Finally, 5
observational studies [11] [12] [13] [14] [15] (4 cohort studies and one case-control study) with 4 886 977 participants (17 033 patients had PSVT)
were eligible for the meta-analysis. The literature retrieval, review, and selection process are shown in Figure 1 . The characteristics of the included studies and their quality assessment are described in Table 1 . It should be noted that even 2 studies 12, 14 were conducted by the same group of investigators, the databases used in each study were different (California State Inpatient Database and State Emergency Department Database in one study 12 and national Medicare beneficiaries' database in another 14 ). Therefore, there was no patient duplication between the 2 studies.
| Risk of ischemic stroke among patients with paroxysmal supraventricular tachycardia
The pooled analysis found a significantly increased risk of ischemic stroke among patients with PSVT compared to individuals with PSVT without the pooled RR of 2.03 (95% CI, 1.22-3.38). The between-study heterogeneity was high with an I 2 of 89%. Figure 2 demonstrates the forest plot of this meta-analysis.
TA B L E 1 Baseline characteristics of studies included in the meta-analysis
Aronow et al 11 Kamel et al 12 Kamel et al 14 Chiang et al 13 Johnson et al 15 Year 
| Sensitivity analysis
To further explore the high between-study heterogeneity, a jack-knife sensitivity analysis was conducted by excluding 1 study at a time from the complete analysis to investigate if a particular study has an especially high influence on the between-study variation. The complete results of the sensitivity analysis are provided as Data S3. In brief,
the pooled results continued to show a significantly increased risk Abbreviations: AF, atrial fibrillation; AFL, atrial flutter; BMI, body mass index; CABG, coronary artery bypass graft; CHD, coronary heart disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; ECG, electrocardiogram; ED, emergency department; HBV, hepatitis B virus; HCV, hepatitis C virus; HT, hypertension; ICD-9-CM, international classification of diseases, ninth revision, clinical modification; ICH, intracerebral hemorrhage; IQR, interquartile range; LHID2000, 2000 longitudinal health insurance database; NA, not available; PAD, peripheral arterial disease; PCI, percutaneous coronary intervention; PSVT, paroxysmal supraventricular tachycardia; RI, renal insufficiency; SAH, subarachnoid hemorrhage.
TA B L E 1 (Continued)
F I G U R E 2 Forest plot of the meta-analysis
| Evaluation for publication bias
Funnel plot was created for evaluation for publication bias. The plot was relatively symmetric which was not suggestive of publication bias in favor of studies with positive results (Figure 3 ).
Publication was also not detected by Egger regression test with
P-value of 0.36.
| D ISCUSS I ON
This study is the first systematic review and meta-analysis that summarized data from all available studies on the risk of ischemic stroke among patients with PSVT and found 2-times higher risk of stroke compared to individuals without PSVT. There are few possible mechanisms to explain this observed increased risk.
The first possible explanation is related to the development of atrial cardiomyopathy. 10, 12, 15 Elevated heart rate from PSVT can lead to overwork of myocardium which would subsequently lead to depletion of myocardial energy storage, abnormal calcium handling and accumulation of reactive oxygen species. 19, 20 In the event of persistent or frequent recurrent PSVT, this process can eventually lead to apoptosis of myocardial cells and fibrosis, resulting in permanent structural changes of the atria. 21 One of the frequent structural changes seen in patients with atrial cardiomyopathy is left atrial enlargement, 22, 23 which is known to provoke stasis of blood flow and increase the risk of thrombus formation. 24 In addition, atrial fibrosis is associated with poor atrial contractility, [25] [26] [27] which would further promote stagnation of the flow.
The second explanation is the increased risk of subsequent atrial fibrillation, the prime predisposing factor for thromboembolic events. 12, 15, 28 As mentioned above, frequent PSVT may lead to the development of atrial fibrosis and left atrial enlargement.
The combination of these 2 pathologies can serve as a fertile ground for the development of atrial fibrillation as fibrosis has been shown to play a major role in the creation of reentrant circuits that are vital in the pathogenesis of initiation and maintenance of atrial fibrillation. 29 Nonetheless, the apparent association between PSVT and ischemic stroke may not be causal. PSVT has been historically viewed as an isolated conduction defect of otherwise young and healthy individuals. 1, 11, 12 However, more recent data have suggested that PSVT is indeed more common in older individuals with higher burden of atherosclerotic diseases, 12, 30 suggesting that PSVT could be a consequence of conductive tissue injury from associated cardiovascular diseases. Thus, it is also possible that the presence of PSVT is just a marker of higher burden of cardiovascular disease and the increased risk of ischemic stroke is a function of the higher overall burden with no direct causal pathway to PSVT itself.
Although the included studies were of high quality and the literature review process was thorough, we acknowledge that the study had some limitations and the results should be interpreted with caution.
First, the meta-analysis had high between-study heterogeneity.
The difference in adjustment for potential confounders for the effect estimates was the most likely explanation for the heterogeneity as demonstrated by the sensitivity analysis. Second, most of the included studies were medical registry-based studies that relied on diagnostic codes to identify and diagnose PSVT and ischemic stroke. Therefore, the accuracy of the diagnoses from those studies was relatively limited. Third, the reliability of evaluation for publication was limited by the small number of included studies. Thus, it is still possible that publication bias in favor of studies that report positive results may have been present, despite the relatively symmetric funnel plot.
F I G U R E 3 Funnel plot of the metaanalysis
